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INTRODUCTION 
Recent interest in metal compounds containing coordinated 
1-3 heterocycles has led researchers to synthesize a number of 
pyrazole and substituted pyrazole derivatives as potential 
complexing agents. The pyrazoles, Rpz (R = H, alkyl or aryl 
groups) [Fig. (l)] are thermally and hydrolytically very stable 
moieties. As a ligand, it coordinates to metals and metalloids 
through pyridyl nitrogen N(2). A survey of literature has 
revealed a variety of complexes of these 2-monohaptopyrazoles 
(Rpz) "~ . However, deprotonated pyrazole becomes the pyrazol 
ion [Fig. (Il)] may coordinate through both nitrogen atoms. 
CN 
//3 H2N-^-- ;5r-CN 
'N N N N 
/I 2 / R H 
Fig. (I) Fig. (II) 
( R:H,M«,Ph) 
The simplest and most thoroughly studied types of pyrazole 
complexes are [M(Rpz)^X^] where M = transition metals, Rpz = 
2-monohaptopyrazoles, X = counter ions, m = valance state of the 
transition metals, usually divalent. These complexes are 
prepared by the reaction of metal salts with pyrazoles (Rpz) 
in neutral or slightly acidic media. However, formation of 
pyrazolide polymers [M(pz)„] , predominates under basic condi-
tions as given below: 
A^X2 + mHpz > »A(Hpz)j^ X2 ... (l) 
MX2 + 2pz~ > [M(pz)2]^ + SX" ... (2) 
4-7 The complexes in equation 1 are reported , to coordinate 
via pyridyl nitrogen N(2) of the five membered ring. This has 
8—19 been further confirmed by X-ray crystallography . However 
the number of pyrazoles coordinated to the metal ions has been 
reported to be influenced by 
1. Coordinating ability of the counter ion : Maximum coordina-
tion has been reported in the complexes of the type 
[M(Hpz)^]X2 [M = Mg(ll), Mn(ll), Fe(Il), Co(ll), Ni(ll), 
Zn(Il), and Cd(II)]^* •'•^, when counterion X = NO" BFT and 
ClOT. However, if counterion X = CI, Br, I, the complex 
4 
I 
|4 formed are [M(Hpz)^]X2 [M = Ni(ll), Co(li; and Fe(ll)]^. 
The structure of [Ni(Hpz)^] (NO^)^, [Ni(Hpz)^Cl2] and 
[Ni(Hpz)^Br2] have been established by X-ray crystallo-
graphy®"-^^. In [Ni(Hpz)^j (1^3)2 the Ni(II) ion lies at the 
center of a nearly regular octahedron of coordinated N atoms. 
In the complexes Ni[(HpzKX2] the halogens are coordinated to 
the Ni placing it again in an octahedral environment. The 
pyrazole rings are oriented vertically with respect to the 
plane defined by the Ni atom and the four coordinated 
nitrogen and there exists a hydrogen bond between the N(lj 
and the halogen in these compounds. 
2. Nature of the metal ion j It has been reported that Cu(Il) 
never give the complexes of the type [Cu(Hpz),]X under any 
conditions, rather it produces only tetracoordinate complexes 
of the type [Cu(Hpz).X^] regardless of the nature of counter 
anion X (Cl"", Br", BF^ ,^ ClO^", SO^", N03")'^* •'•'^'•'•^. The 
presence of 4~substituents such as CI, Br, NO2 or of 1-Me 
did not alter the maximum CuL. stoichiometry 
3. Substitution on the pyrazole ring : A substituent in the 
position (3) introduces steric hindrance and makes it 
difficult to have six 3-substituted pyrazoles coordinated 
via N(2) to a metal ion. This difficulty can be circum-
vented by coordination through a tautomeric 5-substituted 
structure, where steric hinderence is minimized. The 
highest apparent coordination number for a variety of 
transition metal ions (Mn, Fe, Co, Cd) has been reported 
in structures of the type [MCH^Mepz)^] (ClO.)^, although 
the seventh pyrazole is regarded as being in the second 
coordination sphere. By contrast H3,5-Me^pz which has both 
positions adjacent to the nitrogens substituted with methyl 
groups forms only complexes of the type [M(H3,5Me_pz) X„] * 
: 4 : 
However, in 4-methylpyrazole where the methyl group is far 
5 
from the coordination site behaves like pyrazole itself . 
4 
Electronic spectra taken in solution or on single 
crystals of Ni(Hpz)^ complexes give ligand field, Dq value 
of 1065-1080 cm" and indicate that pyrazole occupies a position 
similar to that of pyridine or ammonia in the spectrochemical 
series. A more detailed study of electronic spectra of the 
complexes M(H5Mepz)2X2 (M = Mn(Il), Fe(ll), Co(lI}, Ni(ll) and 
Cu(ll) and X = N03~, Cl~, Br~, I~, C10^~ and BF^~) showed consi-
derable distortion from octahedral symmetry. This was attributed 
o 
to hydrogen bonding between the ligand and the anions . Infra-
red and Raman spectra of these complexes show the NH vibration 
to be strongly dependent on hydrogen bonding which was found to 
be greatest with Cl~ followed by Br", I~, NO^" and BF ."", while 
no hydrogen bonding was observed with CIO. anion. 
Apart from complexes of the first-row transition metals 
pyrazole complexes to ruthenium in several oxidation states 
have been investigated. The blue solution of Ru(Il), when 
treated with pyrazole or 3,5-dimethylpyrazole, produced species 
such as [RuL^Cl^]", RUCI2L3.(H2O), etc., characterized by physico-
19 
chemical analyses and conductivity data . Pyrazole reacted with 
RuCl^ to form the anion [Ru(Hpz)OHCl^]~ gave an insoluble silver 
salt and the neutral species Ru(Hpz)2Cl2 . Complexes of the 
type LrjKqWQ^ and L2(HgCl2)3, where L = 3(5)-Methylpyrazole have 
• >^ • 
21 
also been reported . It has been reported that 5-ethynyl-l-
methylpyrazole forms a complex with NiBr^, but 3-ethynyl-l-
methylpyrazole does not, because of steric reasons. 
In addition to complexing with simple transition metal 
ions, pyrazoles have been reported to coordinate with diverse 
organometallic species. Thus, the reaction of pyrazole with 
(,G5H5)Col2CO results in the displacement of CO and the forma-
tion of Cp^H^Col2(Hpz) as an air-stable green solid . Simple 
coordination by pyrazole to relieve coordinative unsaturation 
o "^ 
has been reported for [H2B(pz) MnCCO)^]. It was found that 
the addition of pyrazole gives rise to an inert gas configuration, 
The reaction of Fe(CO)p^ with 3,5-dimethylpyrazole is 
reported to give the air-sensitive [(H3,5-Me2Pz)2FeCO] as a 
pink solid. A n-bonded sandwich structure has been tentatively 
proposed for this compound, this, however, seems unlikely. The 
above result contrasts with the reaction of iron pentacarbonyl 
with pyrazole itself, where [FeCpz)^]^ ^^ obtained . The dime-
ric compounds LpzFe(C0)2]2 a^ ^^  [3,5-Me2PzFe(CO)2]2» which may 
25 have a metallocyclic structure have also been reported . The 
reaction of 3,5-dimethylpyrazole with chromium hexacarbonyl 
yields only the [LCr(CO^p^] at any reactant ratios, while with 
tungsten hexacarbonyl either LW(CO)^ or L2W(C0)^ may be 
obtained 
The reaction of anhydrous CuBrg with 3,5-diphenylpyrazole 
in a 1:2 ratio in t.h.f. yields bis(3,5-diphenylpyrazole) 
dibromocopper (11) . Hexakis (ti-3, 5-diphenylpyrazolato-N, N*) 
hexagold (I) was obtained from the reaction of Au(PPh2)Cl, 
27 AgO^CPh, and sodium 3,5-diphenylpyrazolate in t.h.f. . The 
monomer, both trimers and hexamer have been characterized by 
X-ray crystallography. The synthesis and characterization of 
the complexes of 5-amino-4-cyanopyrazole with various transition 
metal chlorides and their triphenyl phosphine derivatives ' 
have been reported recently. 
The ability to lose the 1 proton and to function as a 
uninegative, exobidentate 1,2-dihapto ligand of 62^ symmetry is 
a characteristic feature of pyrazole. The geometry of pyrazo-
lide ion permits it to act as a bridge between two identical or 
dissimilar metals or metalloids. Polymeric complexes containing 
the exobidentate 1,2-dihaptopyrazolide ligand have been known 
since 1889, when polymeric metal complexes containing a single 
29 
pyrazolate bridge have been reported . The synthesis of poly-
30 
meric [Ag(pz)] compounds has been reported as well as the 
use of a [Ag(pz)] electrode for the determination of stability 
constants of other metal pyrazolates. The synthesis of an at 
least trimeric complex of the type [Ag(pz)] has also been 
31 
reported . Recently dimeric complexes of l,2-dihapto-4-cyano-
32 5-amino pyrazolide ion have been reported from this laboratory , 
• 7 • 
There exist three principal types of neutral heterocyclic 
pyrazole derivatives containing two or four coordinate boron 
atoms. The pyrazoboles of type R2B(pz)BR' as shown in Eq. 3 
have been known for more than 2 decades. 
R^BCpz)^' + BR^ > R2B(pz)2BR2' + X' (3) 
Triply bridged pyrazaboles of type [Fig. (Ill)] with 
X = -OBRO- were accidentlly discovered in recent studies of the 
interaction of boroxins, (-RBO-)^ with pyrazole ' . In 
addition several dibora monocations of the structural type 
[Fig. (Ill)] where X = pz, have been reported^^'^^'"^^. 
Fig. (HI) 
: 8 : 
Compounds of type [Fig.(lV)j were obtained from the reac-
tion of borazines, (-RBNR'-)^, with pyrazole, and only three 
37 
such species (X = NHR') have been reported . Only most recently, 
four additional species containing the central B2N2X ring have 
been obtained from the reaction of bis(diorganoboryl)chalcogenides, 
(R^B^^X (R = C2H^, X = O; R^ = l,5-CgHj^ 4, X = 0 or S or Se) with 
pyrazole. The mode of attack finds support in the reactons of 
38 Hpz with various other heterocycles containing two boron atoms 
where the NH moiety was readly displaced to give the triply 
Fig.(IV) 
bridged pyrazabole [Fig.(V)] as shown in eq. .4. 
: 9 : 
. ^ ^ N 
H 
H 
RrCHj 
«2HpZ 
-NH3 
(4) 
Fig.(V) 
The uninegative tridentate hydrotris (pyrazol-l-yl) borate 
anion [Fig. (VI)] has become a useful ligand for the transition 
39 
elements . M. Dolores and co-workers have recently used the 
potassium salt of [Fig. (Vl)] to prepare the alkylidyne tungsten 
FIG. (VI) 
: 10 : 
complexes [W(=CR)(C0)2 HBCpz)^ ] [R = C^H^Me-4 or Me], 
HBCpz)^ = hydrotris(pyrazole-l-yl)borate], and have used these 
species as precursors for the synthesis of compounds wherein 
40 
tungsten forms bonds with other transition metals . Struc-
tural, spectral and magnetic investigation of various types of 
compounds and their isomers isolated from the system Cu(II) 
/ 41 
-C(CN;^- pyrazole have been reported recently . 
In complexes with f- block elements, bidentate bonding 
r / \ T 42"-44 
LFig.(VIi;j has been observed in some cases , which is 
contrary to the d-block elements. The possibility of n (TI )-
45 bonding has been considered but not established . A large 
class of MCp^X compounds (M = lanthanide or actinide) are 
formally 10-coordinate, Fischer and coworkers have reported 
11-coordinate U&p^CNCS) (CH^CN) , Organouranium complexes of 
pyrazole of the type U{C^tAe^)^ Cl2(C3H^N2), U(C^Me^)Cl(C3H4N2) 
have been prepared by the reaction between U(Cp.Mef. )^ C1„ and 
47 pyrazole C^H.N^, in t.h.f. and the structure of the complex 
was confirmed through X-ray studies. A recent attempt to prepare 
Ln(dmpz)^, of the bulkier 3,5-dimethylpyrazolate(dmpz) ligand 
Fig. (VII) 
• 1 1 • 
• ^ X « 
from LnClo and Na(dmpz) gaveLLn^C^-dnipz) (T) -dmpz)2(H3-0)Na2L2] 
[Ln = Y, Ho, Yb or Lu; L = H(dmpz) or t.h.f.J Clusters'^ '^ . The 
tris(pyrazolato)neodymium(IIl) complexes, NdL^ (L = pz or 
dmpz) were prepared and confirmed through X-ray analysis, 
2Nd + 3Hg(C^H^)2 + 6HL > 2NdL3 + 6C^K^H + 3Hg (5) 
in good yield by reaction of neodymium metal with bis penta-
f luorophenyDmercury and either pyrazole or 3,5-dimethylpyrazole 
in t.h.f. at room temperature as shown in eq. 5. 
fiiiii mm mm 111 
PRESENT WORK 
The present project deals with the ligational behaviour 
of a substituted pyrazole ligand, 3,4-dicyano-5-aminopyrazole, 
H3,4(CNj^5NH2PZ. The aim to select such a substituted pyrazole 
is to investigate the effect of substituted donor groups, CN 
and NH^ on the expected site of coordination i.e. pyridyl 
nitrogen N(2) of the pyrazole ring. The reaction of the ligand, 
H3,4(CN)25NH2PZ with anhydrous transition metal chloride MCl^ 
[M = Cr(ll), Mn(Il), Fe(ll), Co(Il), Ni(ll) and Cu(ll)] have 
been carried out in 1:4 molar ratio (metal to ligand) at room 
temperature, resulting in the isolation of solid mass of the 
type [ML.C1„] (L = H3,4(CN)^5NH„pz) where the number of pyrazole 
rings attached to the metal ions are consistent with the reported 
X £ J.U. a. T • 4,14-16 , ^ . 4,7 
nature of the metal ions and counter ions ' . 
The exact site of coordination of the ligand H3,4(CN)p5NH^pz 
to the metal ions in presence of three strong donor substituents, 
two cyanide(-CN) groups and one amino (-NH^ ) group and the 
overall geometry of the complexes has been confirmed on the 
basis of physico-chemical methods. The bands observed in the 
i.r. spectra of the compounds prepared in the present project 
strongly suggest the coordination of H3,4(CN)25>NH2PZ via pyridyl 
nitrogen N(2) even in presence of the strong donor groups similar 
to that reported for the complexes of H3,5-Me2pz, RSMebKHQP^ 
: 13 : 
and H4CN5NH pz with variety of trialkyl boranes and metal 
^ ,,4-12,28a,28b,32 
salts • 
The reaction of H3,4(CN)2£>NH2PZ with triphenylphosphine 
derivatives of transition metal chlorides [M(PPh2)2Cl„] 
[M = Mn(ll), Co(ll), Ni(ll), Cu(Il)] in 1:4 molar ratio at room 
temperature results in the formation of solid products. The 
i.r. spectra of these compounds, do not contain bands characteri-
stic of PhoP moiety suggesting the complete removal of coordi-
nated Ph^P leading to the formation of the complexes with 
similar stoichiometry, [ML.Cl^] analogous to that formed from 
their corresponding anhydrous metal chlorides such that 
H3,4(CN)25NH2pz is coordinated via pyridyl nitrogen N ( 2 ) . The 
mother liquor evaporated under vacuum left an equivalent amount 
of PhoP as microcrystalline mass. 
The ligational behaviour of this ligand has also been 
checked with metal chlorides of the group JIB metals MCI and 
their triphenyl derivatives, [M(PPh3)2Cl2] [M = Zn(ll), Cd(ll), 
Hg(ll)] by incorporating their reactions under similar reaction 
conditions observed for transition metal chlorides or their 
triphenylphosphine derivatives. The solid products thus formed 
have been isolated and it has been found in all the complexes 
that the ligand is coordinated through pyridyl nitrogen N(2). 
; 14 : 
The i.r, spectra of the complexes derived from triphenylphos-
phine derivatives donot contain bands characteristic of Ph^P 
suggesting total removal of PhgP. In brief it is concluded 
that the interaction of H3,4(CN)25NH2PZ as a ligand with diva-
lent metal ions or their triphenyl phosphine derivatives acts 
as 2-monohapto ligand. 
29 In view of the ability of the pyrazole ligand to lose 
the 1 proton and to function as an uninegative, exobidentate, 
1,2-dihapto ligand called pyrazolide ion of C2 symmetry, it 
is proposed to synthesize and characterize the complexes of 
3,4-dicyano-5-aminopyrazolide ion [3,4(CN)25NH pz] with metal 
(I) chlorides and the corresponding triphenylphosphine deriva-
tives, [M(PPh3)3X] (M = Co, Cu, Ag, X = CI). The reaction 
of ammonical solution of metal (l) chlorides, MCI with 
H3,4(CN)^5NH^pz results in the isolation of colorless highly 
insoluble, polymeric products presumbly of the type 
[M(3,4(CN)25NH2Pz)]^ [ M = \ Cu(l) andAg(l)]. Theexis-
tances of pyrazolide ion in these compounds has been confirmed 
by disappearance of \)N~H stretching vibration in the i.r. 
spectra of these complexes. 
S. Trofimenko reported that the polymerization may be 
avoided in presence of appropriate encapping group leading to 
the formation of metallocycles. Therefore, the ammonical 
solution of triphenylphosphine derivatives of Co(l), Cu(l) and 
: 15 : 
Ag(l), [M(PPh3)3X] is reacted with [H3,4(CN)25NH2pz] affords 
the isolation of solid products, having the stoichiometry as 
[h\iPPh^)Qi']r;, where Ph^P group acts as the endcapping ligand. 
The involvement of both the nitrogen pyridyl N(2) and pyrrolic 
N(1) in these compounds has been confirmed by the disappearance 
of VN-H stretching vibration suggesting deprotonation of 
H3,4(CN)25NH pz and resulting the formation of uninegative, 
exobidentate l,2-dihapto-3,4-dicyano-5-aminopyrazolide ion 
[3,4(CN)25NH2Pz]"". 

EXPERIMENTAL METHODS 
There are several physico-chemical methods available for 
the study of coordination compounds. A brief description of 
the techniques used in the investigation of the newly synthe-
sized complexes described in the present work is given below : 
1. Infrared Spectroscopy 
2. Magnetic Susceptibility Measurements 
3. Ultraviolet and visible (Ligand Field) Spectroscopy 
4. Conductometric Measurements, 
5. Elemental Analysis 
The frequency associated to certain groups of atoms is 
called group frequency. These frequencies are characteristic 
of the group irrespective of the molecule in which these groups 
are attached. The absence of any band in the appropriate 
region indicates the absence of that particular group in the 
molecule. The wave number i.e. the number of waves per centi-
meter is used to characterize the radiation. The infrared and 
far infrared spectra were recorded as KBr discs on a Perkin-
Elmer - 621 (4000-200 cm ) spectrophotometer in the chemistry 
department of Guru Nanak Dev University, Amritsar. 
In the following paragraphs, only those frequencies which 
are pertinent to the discussion of the newly synthesized 
compounds will be discussed. 
. 1 7 : 
Pyrazole Ring Vibrations : 
The assignments for various bands were obtained by studying 
the infrared spectra of the 3,4-dicyano-5-aminopyrazole ligand 
and compared with the reported*^* ^ ^^ *^ ®'^ *'^ ®'^ ^ spectra of the 
pyrazole and its substituted derivatives. The important groups 
vibration of the pyrazole ring and the substituted groups are 
briefly discussed as follows : 
N-H Stretching Frequency : 
The N-H stretching vibrations occur in the region 3500-
-1 3300 cm in dilute solution. The N-H stretching band shifts 
to lower value in the solid state due to extensive hydrogen 
bonding. The \) N-H (pyrrolic) stretching vibration appear at a 
lower wave length 2920 cm" which is attributed to intra and 
7 50 57 inter molecular hydrogen bonding * * . The N-H bending vibra-
52 tions have been reported for many solid pyrazole. However in 
the present ligand the N-H bending vibration have not been seen. 
NH^ Group Frequency : 
A multiplet appeared in the region 3300-3400 cm" followed 
by a strong band at 1610 cm" may reasonably be assigned to NH2 
group. 
-C = N Stretching Frequency 
A medium band at 1490 cm" in the i.r. spectrum of 
H3,4(CN)^5NH„pz may be attributable to -\)C=N stretching vibra-
53 tion consistent with benzopyrazole which has got a negative 
shift ('^ 5 - 15 cm ) on coordination to metal ions. 
-C H N Stretching Frequency i 
A very strong absorption band obtained in the frequency 
-1 54-*^ 7 
region (2250-2255 cm ) as reported for the free -C = N 
group. 
M - N Stretching Frequency : 
The M-N stretching frequency is of particular interest 
since it provides direct information regarding the coordinate 
bond. Several amine complexes exhibited the metal-nitrogen 
frequencies in the region 300-420 cm" . In the present comple-
—1 
xes the formation of a strong band in the region (225-235 cm ) 
57-59 
consistent with the reported analogous. 
M - CI Stretching Frequency ; 
Metal-halogen stretching vibrations are generally observed 
in the low frequency infra red region (400-200 cm"" ) . In the 
present complexes the far i.r. spectra of the chloro complexes 
reveal some bands with medium intensity at 280-290 cm" . 
The determination of magnetic moments of transition metal 
complexes have been found to provide ample information in 
assigning their structure. The magnetic susceptibility measure-
: 19 : 
ments were carried out by using a Faraday balance at 25 C in 
the chemistry department of Guru Nanak Dev University, Amritsar. 
Molecular weights of the compounds were determined by Rast 
method . The electrical conductivities of 10 M solution in 
DMSO were obtained on a systronics type 302 conductivity bridge 
thermostatted at 25 + 0.05°C. Reflectance spectra of the solid 
samples were recorded on a Carl-Zeiss VSU-2P Spectrophotometer 
using MgO as calibrant and electronic spectra in DMSO were 
recorded on a Pye Unicam-8800 Spectrophotometer. 
The chemical analysis helps in assigning the stoichiometric 
composition of the ligand as well as its metal complexes. Carbon 
hydrogen and nitrogen analyses were carried out from the micro-
analytical laboratory of the Central Drug Research Institute 
(CDRI) Lucknow. The estimation of chlorine was done gravimetri-
cally and the metals were estimated volumetrically . For the 
metal estimation, a known amount of complex was decomposed with 
a mixture of nitric/perchloric/sulphuric acids in a beaker. It 
was then dissolved in water and made upto a known volume so as 
to titrate it with standard EDTA. For chlorine estimation, a 
known amount of the sample was treated with fusion mixture 
(KNO3 and K2CO2). 

EXPERIMENTAL 
Materials and Methods 
Reagents used - Triphenylphosphine, (Ph^P) (Sisco), 
CrCl2.H20, MnCl24H20, C0CI2.6H2O, NiCl2.6H20, CUCI2.2H2O, 
FeCl2.6H20, ZnCl2, CdCl2, HgCl2, AgCl (all BDH) reagents 
commercially available. The ligand 3,4-dicyano-5-aminopyrazole 
64 
was prepared by the reported method . The solvents, tetra-
hydrofuran, dimethylsulfoxide and ethanol were commercially 
available pure samples and were dried before use by the reported 
method 
Dehydration of C0CI2.6H2O, NiCl2.6H20 and CuCl2.2H20^^ 
Dehydration of CoCl2«6H20 
CoCl2»6H 0 powder (10 gm) was placed in a R.B. flask 
fitted with a ground joint and was covered with SOCl^• The 
mixture was refluxed for 3 hrs. The excess SOCl^ was evaporated 
on a steam bath. The SOCl^ which adjoined to the product was 
removed by repeated evaporation of the flask. 
Dehydration of NiCl2.6H20 
10 gm of NiC1^.6H^0 was taken in a round bottom flask and 
then mixed with 60 ml SOCI2 and refluxed for 1 hrs. The 
dehydrated salt were collected by filtration and dried in vacuo 
giving yellow crystalline solid. 
: 21 : 
Dehydration of CuCl2»2H20 
Hydrated cupric chloride (5 gm^ was refluxed with 50 ml 
SCX;l2» The excess of SOCl^ was removed by distillation and 
evaporation of residual solvent in vaccum. 
Dehydration of MnCl2.4H 0 
10 gms of Mn(Il)chloride tetrahydrate was refluxed with 
50 ml of acetic anhydride for 3 hrs. The compound then filtered, 
washed several times with acetic anhydride followed by SOCl^ and 
vacuum dried. 
Dehydration of CrCl2.H20 
Hydrated CrCl2.H20 (10 gmsj was refluxed with 50 ml of 
SOCI2 for several hrs. The dehydrated salt was collected by 
distillation and evaporated in vacuum. 
Dehydration of FeCl2.6H20 
10 gms of Fe(IIjhexahydrate in 60 ml of acetic anhydride 
was refluxed for 3 hrs. The compound then filtered, washed 
several times with acetic anhydride followed by SOCl^ and vacuum 
dried. 
Preparation of Dichlorobis (triphenylphosphine) cobalt (II) 
An excess of triphenylphosphine (1.5 times the stoichio-
metric amount) was melted on a water bath and CoCl2«6H20 was 
slowly added to this molten triphenylphosphine with contin >>-
magnetic stirring. The reaction mixture was stirred for 5-10 
minutes. After that cooled and ground in a mortar, the blue 
crystalline product obtained was recrystallized from hot 
ethanol (m.p. 225°C). 
Preparation of chlorotris(triphenylphosphine) Copper(l) 
25 m mol (6.55 gm) triphenylphosphine was dissolved in 
100 ml CHCI3 in which 6.5 m mol (0.6015 gm) CuCl was added in 
portions with continijos stirring, and then dry 400 ml ethanol 
was added followed by vigorous stirring for 2 hrs. A shining 
white microcrystalline solid separated out was collected (m.p, 
150-160°C). 
Preparation of Dichlorobis(triphenylphosphine) Nickel (II) 
5 m mo 1 (1.19 gm) NiCl2.6H20 was dissolved in 25 ml glacial 
acetic acid and 10 m mol (2.62 gm) triphenylphosphine in 50 ml 
glacial acetic acid was added. The olive green microcrystalline 
mass precipitates out, when kept in contact with its mother 
liquor for 24 hrs gave dark green crystals which were filtered 
off, washed with glacial acetic acid and vacuum dried (m.p. 
244°C). 
Preparation of Dichlorobis(triphenylphosphine) Mercury (II) 
A solution of triphenylphosphine (1.1 gm, 2 mol) and 
3 
mercuric chloride (0.5 gm, 1 mol) both in hot alcohol (50 cm 
: 23 : 
3 
and 25 cm respectively) were rapidly mixed and allowed to cool. 
White crystals of the product was filtered dried in vaccum 
desicator (m.p. 273°C). 
Preparation of Dichlorobis(triphenylphosphine) Cadmium (II) 
2 m mol (10 gm) triphenylphosphine and 1 mol of cadmium 
chloride (15 gm) in water (50 cc) were vigorously shaken together 
and the crystalline precipitate was collected, drained and 
recrystallized from ethanol (m.p. 134 C). 
70 Preparation of Dichlorobis(triphenylphosphine) Zinc (II) 
The solution of anhydrous ZnCl^ (0.6814 gm) in ether had 
been added to the triphenylphosphine solution in dry benzene 
10 m mol (2.6229 gm). White shining crystals w/ere slowly pre-
cipitated out (m.p. 336 C). 
71 Preparation of Dichlorobis(triphenylphosphine) Mn(ll) 
Anhydrous MnCl,. (3.1 gm) was dissolved in dry t.h.f. followed 
by the addition of triphenylphosphine (5.25 gm). The reaction 
mixture was refluxed for 3 hrs. The final product was then 
precipitated by adding diethylether and then filtered (m.p. 
232°C). 
72 Preparation of Cuprous chloride 
A mixture consisting of1 part of CuSO..5H„0, two parts of 
• 04 • 
NaCl and one part of copper turnings was heated with ten parts 
of H^O until the color disappear completely. The mixture was 
poured into water, and CuCl crystallize out as white crystalline 
solid which has been dried and stored in vacuum. 
Preparation of [Ag(PPh3)3Cl]'^^ 
0.998 gm (6.5 m mol) silver chloride dissolved in a 
mixture of acetonitrite and 20 ml of methanol was added all 
at once to 6.55 gm (25 m mol) triphenylphosphine in 50 ml of 
methanol, crystals of [Ag(PPho)3Cl] were formed after some time 
and were collected after standing at room temperature overnight 
(m.p. 197°C). 
Preparation of Chlorotris(triphenylphosphine) Cobalt(l) : 
15 m mol (3,93 gm) triphenyl phosphine was dissolved in 
100 ml CHClo in which 5 m mol (0.65 gm) CoCl^ was added in 
portion with continues stirring and then dry 200 ml ethanol 
was added followed by vigorous stirring for 2 hrs. A stable, 
green, crystalline solids seperated out (m.p. 176°C). 
Reaction of H3,4(CN)^5NHppz with Anhydrous Metal(Il)chlorides, 
UClrjf Synthesis of Dichlorotetrakis(3,4-dicyano-5-aminopyrazole) 
Metal(Il), [ML4CI2], [M = Cr(la), Mn(2a), Fe(3a), Co(4a), Ni(5a), 
Cu(6a)? L = H3,4(CN)25NH2PzJ. 
An alcoholic solution (~35 cm ) of the ligand (0.05 mol ) 
: 25 : 
was slowly added with the help of droping funnel to anhydrous 
metal chlorides (0.01 mol) dissolved in t.h.f. (-^ 50 cm ) at 
room temperature and stirred for about 4 hrs. The product was 
filtered, washed several time with alcohol followed by ether 
and dried in vacuo. Yield-la(70%}, 2a(82%;, 3a(75%;, 4aC85%j, 
5a(78%;, 6a(85%). 
Reaction of H3,4(CN)25NH2PZ with [M(PPh3)2Cl2]; Synthesis of 
Dichlorotetrakis(3,4-dicyano-5--aminopyrazole) Metal(II), 
LML4CI2] [M = Mn(2a'), Co(4a'), Ni(5a'), Cu(6a')] 
0.01 mol of precursor, [M(PPh3)2Cl2] dissolved in-^70 cm^ 
of t.h.f. was reacted with 0.05 mol of ligand solution dissolved 
3 
in ^^50 cm of EtOH, in a closed reaction vessel. The reaction 
mixture was stirred for about 2 hrs. The compound formed was 
filtered, washed with ether and dried in vacuo. The mother 
liquor left 2 mol equivalent colorless microcrystalline solid 
identified as Ph^P on the basis of micro analysis, melting points 
and i.r. spectral studies. Yield - 2a' (76?i), 4a' (88%), 5a'(90^) 
Reaction of H3,4(CN)25NH2PZ with Group IIB Metal (ll) Chlorides; 
Synthesis of Dichlorotetrakis (3,4-dicyano-5-aminopyrazole) 
Metal (II), [ML^Cl2] [M = Zn (7a), Cd (8a), Hg (9a)]. 
An alcoholic solution (-—'40 cm ) of ligand (0.045 mol) was 
3 
reacted slowly with 0.01 mol of MCl^ solution in^—-60 cm 
ethanol at room temperature. The content was stirred for several 
: 26 : 
hours resulting in the formation of the colorless solid product. 
The solid thus formed was washed several times with EtOH followed 
by ether and dried in vacuo. Yield 7a (72%), 8a (88%), 9a (79%). 
Reaction of Triphenylphosphine Derivatives of Group JIB Metal 
Chlorides [M(PPh3)2Cl2] with H3,4(CN)25NH2Pz; Synthesis of 
Dichlorotetrakis(3,4-dicyano-5-aminopyrazole) Metal(ll), 
[ML^Cl^] [M = Zn(7a'), Cd(8a'), Hg(9a')] 
3 
0.01 mol ligand solution in 60 cm ethanol was slowly 
o 
added to 0.045 mol solution of [M{PPh^)rjOlr^] taken in 50 cm of 
alcohol at room temperature. The reaction mixture on mechanical 
stirring for 7 hrs. resulted in the formation of colorless solid 
products. The solid product formed was washed several time with 
ethanol followed by ether. The mother liquor left colorless 
microcrystalline solidequivalentto 2 mols identified as triphenyl-
phosphine on the basis of elemental analysis and i.r. spectral 
data. Yield 7a' (80%), 8a« (72%), 9a' (85%). 
Reaction of H3,4(CN)25NH pz with Metal (I) Chlorides; Synthesis 
of 1,2-dihapto 3,4-dicyano-5-aminopyrazolido Metal (l) Oligomer 
[M(3,4(CN)25NH2P^^^n ^^ " Cu(I), Ag(l)]. 
A 0.02 mol ammonical solution of MCI (^ 5^0 cm ) has been 
reacted with 0.025 mol solution of H3,4(CN)25NH2PZ taken in 
3 
40 cm ethanol. The reaction mixture was stirred mechanically 
for several hours resulting in the formation of colorless sticky 
: 27 : 
product. The product was washed several times with EtOH followed 
by ether causing no change in its polymeric nature. The product 
was found insoluble in most of polar and nonpolar solvents. 
Reaction of H3,4(CN)p5NH2pz with Triphenylphosphine Derivatives 
of Co(l), Cu(I) and Ag(l); Synthesis of Bis(l,2-dihapto 3,4-
dicyano-5-aminopyrazolido)bis (triphenylphosphine) Metal (I), 
[M(PPh3)2 (H3,4(CN)25NH2Pz)]2-
A solution of ligand (0.025 mol) in ethanol ('~'50 cm ) was 
poured to an ammonical solution of [M(PPh2)3Cl] [M = Co(l), 
Cu(l) and Ag(l)] (0.021 mol). The resulting colorless solid mass 
formed was filtered, washed with ethanol and then with ether and 
finally dried in vacuo. The mother liquor along with the ethanol 
and ether washing left colorless microcrystalline solid which 
has been identified as triphenylphosphine on the basis of micro-
analysis, melting points and i.r. spectral data (Table 4 and 5), 
hi-Win si -tTw^i ^ii 111^? ir^ if if 
RESULTS AND DISCUSSION 
The ligand 3,4-dicyano-5-aminopyrazole, H3,4(CN)25NH2pz 
[Fig. (VIII)] act as 2-nionohapto ligand coordinating to the 
metal ion via pyridyl nitrogen N(2; in neutral reaction medium. 
However, it acts as an uninegative, exobidentate l,2~dihapto 
ligand [Fig. (IX)] in basic reaction medium called 3,4-dicyano 
5-aminopyrazolide ion [3,4(CN)25NH2Pz]. In view of C^^ symmetry 
of [3,4(CN)25NH2Pz]~» it may coordinate through both the 
nitrogen N(l), as well as N(2) and acts as a bridging ligand 
between two similar metal ion producing dimeric compounds. 
Pig(vin) Fig. (IX) 
The reaction of H3,4-dicyano-5-aminopyrazole H3,4(CN)^. 
5NH2pz(LJ with MCI2 in t.h.f, at room temperature resulted in 
the isolation of solid products having stoichiometry as 
[ML4CI2] [M - Cr(ll}, Mndlj, Fe(li;, Co(ll), Ni(ll), Cu(ll)] 
based on elemental analysis (Table l). 
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The compound having composition [ML^Cl2] were also 
formed by reacting [M(PPh3)2Cl2] [M = Mn(ll), Co(ll), Ni(lly, 
Cu(ll), Zn(ll), Cd(ll), Hg(ll)] with H3,4-dicyano-5-amino-
pyrazole in t.h.f. at room temperature. The liberated PPh^ 
equivalent to two mol has been recovered as colorless micro-
crystals from the filtrate and etherial washings when evaporated 
in vacuum as shown below. 
[M(PPh3)2Cl2] + 4L > [ML^Cl2]+ 2PPh3 ... (6) 
( M = Mn(II), Co(Il), Ni(II), Cu(ll), Zn(ll), Cd(Il) and Hg(II) 
The reaction of 3,4-dicyano-5-aminopyrazole with ammonical 
solution of MCI. (M = Cu, Ag) resulted in the formation of poly-
meric compounds having composition LMLJ . However, the reaction 
with amraonicr.1 solution of [M(PPh^)3ClKM = Co, Cu and Ag) 
resulted in the formation of dimeric species of the type 
[M(PPho)2L]2 as shown below : 
2[M(PPh3)3ClJ + 2L > [M(PPh3)2Lj2 + 2PPh3 ... (7) 
[M = CoCi;, Cu(l), Ag(l)] 
The liberation of PPh3 in eq. (7) has been isolated by 
evaporating the filtrate and washings in vacuum. (Expt,Section). 
The i.r, spectrum of pyrazole with complete assignments 
is well documented in literature^'^^^*^^^»^®''^^ for different 
: 32 : 
mode of bonding of the ligand. The i.r. spectrum of the 
ligand H3,4(CN)25NH2PZ (Table-2) exhibits bands comparable to 
those reported^'^®^'^^'^'^^''^^ for pyrazole ligand. The N-H 
stretching appear§at considerably lower wavelength attributable 
If -I 
to intra or intermolecular hydrogen bonding * . However, the 
75 
N-H bending vibration reported for the solid pyrazole ligand 
have not been seen in the present ligand. The vibrations 
associated to the pyrazole ring such as ring vibrations (.R,, 
R„, Ro and R.) appear at their estimated positions. The C-H 
stretching and C-H bending vibrations too appear at the 
expected positions. The band appearing at 1490 cm" as a 
medium intensity band may presumbaly be assigned for -C=N 
53 
stretching vibration consistent with the free benzopyrazole . 
A very strong band at 2250 cm" may reasonably be assigned for 
_ 54-56 
-C=N stretching vibration analogous to that reported for 
tne free -C=N group. However, a multiplet (three medium to 
strong intensity bands^ in the region 3300-3400 cm alonowitn 
a strong band at 1610 cm" may be assigned for NH^ group 
vibrations. 
The bands observed in the i.r. spectra of the complexes 
either obtained from anhydrous metal chlorides or their triph-
enylphosphlne derivatives (Table-2) were compared with the free 
ligand vibrations. The remarkable features of the spectra show 
bands corresponding to -C=N and NH2 groups which have appeared 
in the same frequency regions as recorded for free ligand. 
Table-2.. Infrared Vibrational Frequencies (cm ) of the Ligand 
and the Complexes. 
Comp-
ounds 
N-H str. KH 
(Pyro-
llic) 
2 
str. 
C-H 
s t r , 
C-H 
bend-
ing 
Ring 
Vibra 
t i o n s 
C=N M-N KT u-c^ 
LigandCD 2910s 
(la) 
(2a) 
(2a') 
(3a; 
(4a) 
(4^') 
^5a) 
C5a*) 
3420s 
3435s 
3430 s 
342bs 
3420s 
3430s 
3420s 
3425 s 
3400s 3140s 1480s 
3350s 1060s 1380s 
3300s 1040s 1340s 
1610VS 870m 930m 
3410s 3150m 1470s 
3355s 3130sh 1390m 
3310m 1050s 1360sh 
1610VS 830m 950m 
3405s 
3350s 
3315s 
1610VS 
3410s 
3355s 
3315s 
1610VS 
3415s 
3350s 
3310s 
1610VS 
3440s 
3350s 
3315s 
1610VS 
3405 s 
3350s 
3315 s 
I6l0vs 
3410s 
3355s 
3310m 
1610VS 
3415s 
3360s 
3315m 
16i0vs 
3155m 
3130sh 
1055s 
1025m 
835m 
3160m 
3140sh 
1050s 
1025m 
825m 
3150m 
313Gsh 
1055s 
825m 
3140s 
3130sh 
1050m 
1030m 
830m 
3150m 
3130sh 
1050s 
1025m 
830m 
3150m 
3130sh 
1055s 
1030m 
830m 
3155m 
3135sh 
1050 s 
830m 
1465s 
1380m 
1365sh 
945m 
1470s 
1380m 
1360sh 
940m 
1475 s 
1380m 
1365sh 
945m 
1480s 
I385m 
I360sh 
940m 
1460s 
1380m 
1365sh 
945m 
1470s 
1385m 
I360sh 
950m 
1475s 
1380m 
i360sh 
950m 
2250VS 
2250VS 235s 285m 
2250VS 230s 280m 
2250VS 230s >80m 
2250VS 2355 285m 
2250VS 230s 280m 
2250VS 230s 290m 
2250VS 220s 280m 
2250VS 230s 285m 
(.6a; 
3405s 3155m i455s 
3430s 3355s 3130sh 1380m 
3315s 1050s 1365sh 
1610VS 1025m 945m 
830m 
2250VS 235s 2 sum 
(6a') 
3410S 3155m 1560s 
3425s 3350s 3130sh 1370m 
3310s 1040s 1365sh 
1610VS 1020m 940m 
820m 
2250VS 230s 280rn 
(7a) 
(7a') 
(8a) 
(8a') 
(2a) 
3435s 
3430s 
3425s 
3435s 
3430s 
3410s 
3350s 
3315s 
1610VS 
3405s 
3350s 
3315s 
1610VS 
3415s 
3360s 
3315m 
1610VS 
3410s 
3350s 
3315m 
1610VS 
3415s 
3350s 
3310m 
1610VS 
3155m 
3130sh 
1055s 
1025m 
830m 
3150m 
3120sh 
1050s 
1025m 
830m 
3160m 
3115sh 
1050s 
1025m 
840m 
3155m 
3115sh 
1050s 
1025m 
830m 
3160m 
3115sh 
1050s 
1025m 
850m 
1465s 
1380m 
1365sh 
945m 
1470s 
1480m 
1365sh 
945m 
1465s 
1475m 
1365sh 
945m 
1470s 
1480m 
1365sh 
945m 
1470s 
1480m 
1365sh 
945m 
2250VS 
2250VS 
2250VS 
2250VS 
2250VS 
230s 275m 
210s 280m 
225s 285m 
230s 285m 
235s 280m 
(9a') 
3410s 3150m 1470s 
3425s 3350s 3120sh 1475m 
3315m 1050s 1365sh 
1610VS 1025m 940m 
840m 
2250VS 230s 285m 
s = strong, vs = very strong, m = medium, sh = shoulder, 
3fi I 
1-
ruling out the possibility of their coordination to the metal 
ions. However, there is a considerable positive shift in the 
N-H stretching vibration attributable to differences in the 
f\ 7 
internal or external hydrogen bonding * indicating the coord 
nation of the ligand via pyridyl nitrogen N(2). This has been 
further corroborated by a slight negative shift C5-15 cm ^) in 
the %)c=N stretching vibration as reported for benzopyrazole 
53 
complexes 
A strong band in the frequency region 220-235 cm" may 
reasonably be assigned as M-N stretching vibration consistent 
with octahedral complexes derived from the other nitrogen donor 
57_50 ligands . However, a medium band in the frequency region 
280-290 cm" has been assigned as M-Cl stretching vibration. 
The complexes derived from the triphenylphosphine precursors, 
[MCPPho)2Cl2] do not show band characteristic of Ph^P moiety 
reported to appear Ca 500 cm 
The mode of coordination of the ligand and the sterio-
chemistry around the transition metal ions was further confirmed 
after carrying out magnetic susceptibility measurements and 
ligand field spectral studies as explained below : 
The electronic and reflectance spectra of these complexes 
are quite comparable suggesting the similar species in the solu-
tion as well as in the solid. The observed magnetic moments and 
a weak band at Ca 15,000 cm" exhibited by ligand field spectra 
p: pi 
may reasonably assigned as T^ < E transition (Table-3j 
are consistent with an octahedral geometry of [CrL>Cl2] complex. 
However, the ligand field spectra of (2a) and (2a') exhibit two 
bands assignable to ^T^^AG) < ^A^ and "^ Tj^  (G) < ^A, 
transitions respectively. The observed values of magnetic 
moments further confirm the ground state as A, in the ligand 
field spectra suggesting an octahedral environment around Mn(ll) 
ions. 
A weak absorption band at Ca 12,100 cm" observed in the 
5 
ligand field spectra of 3a reasonably corresponds to E <——-
5 
T^ transition consistent with the octahedral geometry of the 
complex * * . The observed p,eff value further supports the 
A '7 f-v O 
above geometry. However, a shoulder reported * ' to occur at 
Ca 10,000 cm" in other pyrazole complexes could not be recorded 
in [PeL.Cl^] complex. 
The observed values of magnetic moments for the complexes 
(4a), (4a'), (5a) and (5a') are slightly higher than that of 
calculated spin-only values which may be understood in terms of 
54 
spin orbit coupling contributions . However, the jaeff values 
are quite consistent with spin free Co(II) and Ni(Il) octahedral 
complexes of pyrazoles. The ligand field spectra of (4a) and 
(4a') exhibit a main band maxima at Ca 20,500 cm" along with a 
shoulder appearing at Ca 19,500 cm" which may reasonably be 
assigned to the % g ( F ) < ^^^^(F) and '^T^g(P) < ^Tj^g(F) 
Table 3. Magnetic and Ligand Field bands observed in the electronic 
and reflectance spectra and their assignments of metal 
complexes. 
Comp-
lexes 
(w 
(2a) 
(2a') 
(3a) 
(la) 
(4a') 
(5a) 
(5a') 
(6a) 
(6a') 
\x eff 
(B.M.) 
4.79 
5.95 
6.15 
5.45 
4.49 
4.52 
3.2 
3.3 
1.8 
1.71 
Band pos 
15,000 ( 
22,400 ( 
18,200 ( 
22,600 ( 
18,800 ( 
12,100 ( 
21,450 ( 
18,318 < 
21,330 ( 
18,300 ( 
27,500 ( 
18,100 ( 
27,777 ( 
17,990 i 
16,767 
16,930 
;itions (cm~ ) 
,14,600) 
,22,300) 
,18,150) 
[22,400) 
,18,200) 
,11,950) 
[21.315) 
[18,210) 
[21,215) 
[18,210) 
[27.450) 
[17,980) 
[27,676) 
[17,690) 
[16,600) 
[16,800) 
Assignments 
'2g 
^T,^G; 
%gt°^ 
''TlgCG) 
%g(°^ 
^g 
\ g ( F ) 
^Tlg<P> 
% g C F ) 
"T.gCp; 
^T.gCP) 
'w^ 
2 T 
2g 
2x 
2g 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
g 
^A 
^^ ig 
ig 
ig 
2g 
'^igt^) 
% ( F ) 
'Tlg(f> 
'Tlg(F) 
% , ( F ) 
\ g ( F ' 
%,CF) 
2E 
g 
2^ 
E 
9 
Po sition in CHClo Solution given in parentheses. 
: 38 : 
transitions, respectively confirming an octahedral environment 
around Co(ll) ion. However, two strong ligand field bands 
recorded at Ca 27,700 cm"-"- and 17,600 cm""^  for C5a) and (5a') 
complexes correspond to the T, (P) < ''^ 2a^ '^^  ^^^ 
T-, (F) < ^2a^^^ transitions, respectively ascertaining 
an octahedral environment around Ni(ll) ion. The observed 
magnetic moment and a broad weak band in the electronic spectra 
of LCUL.CI2] suggest an octahedral geometry (Table-3). The 
data presented here help us to visualizethe structure of these 
complexes as given below [Fig.(X)} 
NC -/^  I 
M=Cr,Mn,Fe,Co,Ni,Cu,Zn,Cd,Hg. 
Fig. (X) 
Reaction of l,2-dihapto-3,4-dicyano-5-aminopyrazolido ion 
L3,4(CN;25NH2PZJ~ with MCi (M = Cu(l), AgCl) ] and [M(PPh3;3ClJ 
[M = Co(IJ, CuCi), Ag(i;] 
The reaction of ammonical solution of MCI [M = Cu(l), 
AgCI-)] with H3,4(CN;25NH2PZ resulted in the formation of color-
less compounds. These compounds have been found to be highly-
insoluble in almost all the polar and non-polar solvents indica-
78 79 ting their polymeric nature analogues to that reported * for 
[Cu(pz)J and [AgCpz)] . The i.r. spectral studies on these 
compounds exhibit the complete absence of N-H stretching vibra-
tion expected to appear at 2920 cm" in free ligand suggesting 
the formation of 3,4-dicyano-5-aminopyrazollde ion, 
[3,4(CNJ2^NH2PZJ~. However, the other bands corresponding to 
the pyrazole ring and the substituent groups appear at their 
appropriate positions as recorded for free ligand except a 
negative shift (.10-20 cm" ) in v^C=N stretching vibration 
tTable-4). The absence of VN-H stretching vibration and a 
slight negative shift m %) C=N stretching vibration suggesting 
the involvement of both the nitrogens (pyridyl as well as 
pyrrolic) in bonding. The structure of these compounds could 
not be established because of the limited physico-chemical 
studies. However, a possible polymeric structure may be 
77,78 
visualized as in Fig.(XI) consistent with [M(pz)J 
( M = Cu(l ), Ag(I J']. 
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H2N 
Fig. (XI) 
However, the reaction of ammonical solution of triphenyl-
phosphine derivatives of Co(l), Cu(l) and Ag(l), [M(PPh3)3Cl] 
with H3,4(CN)25NH2PZ afford the isolation of products of the 
type [M(PPh3)2(3,4(CN;25NH2P^^^2' tW=Co(l), Cu(l), Ag(i;] 
liberating Ph^P equivalent to 1 mol (Experimental section). 
The compounds are soluble in most of organic solvents. The 
results of elemental analyses complements the proposed stoichio-
metry and the molecular weight determination data suggest their 
dimeric nature (Table-b), 
The bands observed in the i.r. spectra indicate the 
complete aosence of the N-H stretching vibration suggesting 
the deprotonation at pyrrolic nitrogen resulting in the forma-
tion of 3,4-dicyano-5-aminopyrazolide ion, [3,4(CN)25NH^pzJ~. 
The cooraination of pyridyl nitrogen to the metal ions Co(l), 
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Cu(l) or Agd) has been indicated by negative shift (-^ 10-21 
cm" ) in •\>C=N stretching vibration (Table-4j. The presence 
of Ph-^ P groups acting as endcapping groups avoid the polymeri-
zation of these compounds has been evidenced by the characteris-
tic bands corresponding to Ph^P moiety. However, the bands 
arising from the ring vibrations and substituents CN and NH^ 
do not undergo any change and appear at their appropriate 
positions suggesting the [3,4(CN)25NH2PZ]~ ion coordinates via 
both the nitrogens pyrrolic N(l) and pyridyl N(2). [Fig.(XII)]. 
H2N 
M M 
Ph3p/ N—N ^PPh3 
Fig.(XII) 
mv 
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